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“A persisténcia é o caminho do éxito”
Charles Chaplin
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RESUMO

A resisténcia bacteriana € um problema crescente e muitas vezes devido ao uso erréneo de
farmacos antibacterianos. Bactérias como Escherichia coli, Pseudomonas aeruginosa e
Staphylococcus aureus séo consideradas oportunistas pois por declinios do sistema
imunolodgico do hospedeiro, ou até mesmo por uma mudanca do local de colonizagdo podem
causar doencas. Frequentemente encontradas em ambiente hospitalar e devido a exposicéo a
varios farmacos, sdo bactérias que facilmente desenvolvem resisténcia a antibioticos. A
utilizacdo de plantas medicinais é uma préatica antiga que procura restabelecer a satde, podendo
ser a solucdo para problemas como a resisténcia bacteriana. Os géneros Mikania e Croton tém
espécies que possuem atividade antibacteriana comprovada, porém para Mikania cordifolia e
Croton ceanothifolius ndo existem relatos de estudos de tal atividade, tornando esse o primeiro
registro. Como parte de um projeto para avali¢do de bioatividades e composi¢do quimica de
plantas do sul do pais, o objetivo do presente estudo foi identificar o perfil quimico e potencial
modificador da agdo antibittica de Mikania cordifolia, Croton ceanothifolius e limoneno frente
a bactérias multirresistentes. Os dleos essenciais foram obtidos por meio de hidrodestilacao e
caracterizacdo quimica realizada por cromatografia gasosa acoplada a espectrometria de massas
e os resultados obtidos foram comparados com a literatura. Tanto a avaliacdo antibacteriana
direta, quanto os ensaios associados com antibioticos foram realizados pela metodologia de
microdiluicdo em placa. Os 6leos essenciais, 0 limoneno e os antibidticos, norfloxacino,
gentamicina e penicilina, foram diluidos para permanecer em concentracdo de 1024 pg/mL. Na
avaliacdo quimica foram identificados limoneno (19,2%) e biciclogermacreno (26,3%) como
compostos majoritarios de Mikania cordifolia e Croton ceanothifolius, respectivamente.
Quando avaliados isoladamente, os 6leos essenciais e o limoneno ndo apresentaram atividade
antibacteriana clinicamente relevante com CIM >1024 pg/mL. Associado aos antibioticos, 0s
compostos demonstraram, em alguns casos, efeitos sinergicos principalmente com norfloxacino
e gentamicina contra bactérias Gram-negativas. Frente a Escherichia coli os 6leos reverteram
o perfil de resisténcia, de 64 pg/mL para 1 pug/mL com OEMCc e 8 pg/mL OECc bactéria quando
combinados a norfloxacino. Frente a Staphylococcus aureus a CIM de gentamicina passou de
128 pg/mL para aproximadamente 3 pg/mL quando associada ao limoneno, alterando assim
seu perfil de resisténcia. Diante disso, o0 estudo dessas espécies e limoneno revela seu potencial
modificador da acdo antibidtica pois reverteu o perfil de resisténcia a dois antibioticos e
desperta o olhar cientifico para novos estudos de atividades biol6gicas e 0 mecanismo pelo qual
essas atividades sdo desempenhadas.

Palavras-Chave: Antimicrobiano. Asteraceae. Euphorbiaceae. Limoneno. Sinergismo.



ABSTRACT

Bacterial resistance is a growing problem and often due to the misuse of antibacterial drugs.
Bacteria such as Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus are
considered opportunistic because of declines in the host's immune system, or even a change in
the colonization site can cause disease. Often found in a hospital environment and due to
exposure to various drugs, they are bacteria that easily develop resistance to antibiotics. The
use of medicinal plants is an old practice that seeks to restore health, and may be the solution
to problems such as bacterial resistance. The genera Mikania and Croton have species that have
proven antibacterial activity, however for Mikania cordifolia and Croton ceanothifolius there
are no reports of studies of such activity, making this the first record. As part of a project to
evaluate bioactivities and chemical composition of plants in the south of the country, the
objective of the present study was to identify the chemical profile and potential modifier of the
antibiotic action of Mikania cordifolia, Croton ceanothifolius and limonene against multidrug-
resistant bacteria. Essential oils were obtained by means of hydrodistillation and chemical
characterization performed by gas chromatography coupled with mass spectrometry and the
results obtained were compared with the literature. Both direct antibacterial assessment and
assays associated with antibiotics were performed using the microdilution plate methodology.
The essential oils, limonene and antibiotics, norfloxacin, gentamicin and penicillin, were
diluted to remain at a concentration of 1024 pg/mL. In the chemical evaluation, limonene
(19.2%) and bicyclogermacrene (26.3%) were identified as major compounds of Mikania
cordifolia and Croton ceanothifolius, respectively. When evaluated separately, essential oils
and limonene did not show clinically relevant antibacterial activity with MIC > 1024 pg/mL.
Associated with antibiotics, the compounds have shown, in some cases, synergistic effects
mainly with norfloxacin and gentamicin against Gram-negative bacteria. Against Escherichia
coli, the oils reversed the resistance profile, from 64 pg/mL to 1 pg/mL with OEMc and 8
pg/mL OECc bacteria when combined with norfloxacin. Facing Staphylococcus aureus,
gentamicin MIC increased from 128 pg/mL to approximately 3 pg/mL when associated with
limonene, thus changing its resistance profile. Therefore, the study of these species and
limonene reveals their potential to modify antibiotic action because it reversed the resistance
profile to two antibiotics and awakens the scientific eye to new studies of biological activities
and the mechanism by which these activities are performed.

Keywords: Antimicrobial. Asteraceae. Euphorbiaceae. Limonene. Synergism.



1 INTRODUCAO

Infecgcdes bacterianas sdo um problema que a humanidade lida continuamente e as
bactérias que mais frequentemente ocasionam infeccbes hospitalares sdo S. aureus,
Staphylococcus coagulase negativa, Klebsiella spp., E. coli e Enterobacter spp. A descoberta
dos antibidticos garantiu o controle temporario desse problema, porém o uso indevido desses
medicamentos esta proporcionando as bactérias resisténcia (BRASIL, 2006; VIANA et al.,
2011).

A utilizagdo de medicamentos antimicrobianos tornou o tratamento de doencas
infecciosas mais eficaz. No entanto, o uso indiscriminado desses medicamentos fez com que
algumas bactérias adquirissem resisténcia dentre estas, S. aureus, Klebsiella pneumoniae e
Pseudomonas aeruginosa. O surgimento de mecanismos de defesa e sua subsequente
disseminacéo tornou alguns farmacos ineficazes contra muitos patégenos, constituindo uma das
principais falhas nos tratamentos antibacterianos na atualidade. A pesquisa de novos
medicamentos a partir de espécimes vegetais € 0 uso correto dos mesmos sao medidas
essenciais para combater essas novas cepas resistentes (DE BRITO; CORDEIRO, 2012;
LANGTON; HENDERSON; HERBERT, 2005; RICE, 2008).

A utilizacdo de plantas e seus derivados na medicina popular é uma pratica realizada ha
muito tempo e no Brasil, por ter seu territdrio com flora abundante, existem inimeras espécies
com potencial terapéutico que foram ou séo utilizadas popularmente (VIRGINIO et al., 2018;
ZENI et al., 2017). Em 1982, o Ministério da Saude criou o Programa de Pesquisa de Plantas
Medicinais da Central de Medicamentos (PPPM/Ceme). Este programa tem como objetivo
intensificar as pesquisas de atividades bioldgicas de plantas medicinais a fim de criar
medicamentos fitoterapicos. Em 2006, os medicamentos fitoterapicos foram integrados ao
Sistema Unico de Sadde (SUS), garantindo assim, o direito de acessibilidade dos usuarios desse
programa a tais medicamentos (BRASIL, 2011; MATOS; VIANA; BANDEIRA, 2001;
RATES, 2001).

O género Croton é o segundo maior, quanto ao numero de espécies, familia
Euphorbiaceae. Esse género é composto por mais de 1200 espécies distintas, sendo assim 0
mais prevalente entre todos os géneros da subfamilia Crotonoideae. Croton sp. € utilizado
popularmente, através de infus@es, para tratar enfermidades como cancer, hipercolesterolemia,
dores estomacais, Ulceras e malaria (BRASIL et al., 2009; LIMA; PIRANI, 2008; RANDAU
et al., 2004).
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Vérias especies de Croton tem atividade antibacteriana contra bactérias Gram-positivas
como Streptococcus mutans e Gram-negativas, como, Pseudomonas aeruginosa. Atividade
antiparasitaria contra Leishmania amazonenses e Trypanosoma cruzi, e antiflngica contra
Fusarium oxysporum, Rhizoctonia solani e Sclerotium rolfsii (CAMPOS et al., 2010;
RODRIGUES; COSTA; COUTINHO, 2008; ROSA et al., 2003; SILVA et al., 2011).

Mikania cordifolia pertence a familia Asteraceae, natural do continente americano, que
contém mais de 30.000 espécies. Gasparetto et al. (2010) constaram que o género Mikania é
composto por mais de 400 espécies distintas, dentre as quais 171 podem ser encontradas na
regido sudeste do Brasil (DEWAN et al., 2013; RIOS et al., 2014).

Segundo Agostini-Costa et al. (2016) Mikania sp. € utilizada para tratamento de
infeccOes parasitérias e bacterianas, para tratamento de Ulceras e tem acdo contra inflamacéo,
alergia e broncoconstri¢do. De acordo com Brasil (2011) as folhas secas de Mikania glomerata
podem ser preparadas através infusdo para obtencdo de um cha expectorante. Entretanto, doses
acima das recomendadas pela Farmacopeia podem provocar episodios diarreicos e vomitos.

Segundo Morais et al. (2005), de plantas em geral podem ser extraidos os 6leos
essenciais, substancias lipofilicas de odor agradavel, volateis e de baixo peso molecular, cuja
composicao quimica pode ser influenciada por fatores ambientais e genéticos. De acordo com
Pierozan et al. (2009), Gleos essenciais extraidos de algumas espécies de plantas, em baixas
concentragfes, , agem como antibidticos, uma vez que conseguem inibir patégenos como:
Staphylococcus sp., Streptococcus sp., Mycobacterium sp. e Escherichia coli (E. coli).

Como o presente estudo é pioneiro na avaliacdo antibacteriana das espécies de Croton
ceanothifolius, Mikania cordifolia e limoneno, e também visa verificar a composi¢do quimica
e atividade modificadora da acdo antibidtica frente a bactérias multirresistentes, a expansao de
conhecimentos relacionados a estas plantas torna-se necessaria para confirmacdo de seus
efeitos, e assim, contribuir com o desenvolvimento de novas terapias de combate a resisténcia

bacteriana.
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2 REVISAO DE LITERATURA

2.1 Staphylococcus aureus

Pertencendo a familia Micrococcae, o género Staphylococcus tem cerca de 33 espécies.
As bacteérias pertencentes se organizam em diferentes formas como em cachos, em dupla ou até
mesmo isolados. Esse género produz a enzima catalase, esta, é capaz de degradar peroxido de
hidrogénio, sdo bactérias imdveis, geralmente ndo encapsuladas e incapazes de formar esporos
(TRABULSI; ALTERTHUM, 2008).

A bactéria Staphylococcus aureus foi descrita pela primeira vez em 1880, em um
abcesso de ferida operatéria, pertence a microbiota normal de aproximadamente 30% da
populacdo, podendo colonizar pele, mucosas e vias respiratdrias. As infec¢bes causadas por
essa bactéria podem variar de simples espinhas e celulites a meningite e septicemia
(KONEMAN; ALLEN, 2008; WERTHEIM et al., 2005).

Macroscopicamente, apresenta coldnias esféricas que variam da colacdo cinza a
amarelada. S. aureus € a Unica espécie capaz de produzir a estafiloxantina, pigmento
responsavel pela coloracdo amarela de sua coldnia. Este fato ajuda na identificacdo da bactéria,
mas também proporciona para a mesma um mecanismo de inativacdo de espécies reativas de
oxigénio de neutréfilos, aumentando sua patogenicidade (LEVINSON, 2016).

A espécie supracitada é produtora de hemolisinas PB-hemoliticas, que, quebram
moléculas de hemoglobina presente nas hemacias para liberacéo de ferro que sera utilizado para
producdo de energia. A lise das hemacias pode ser visualizada em placas de agar sangue pela
coloracdo amarela que aparece ao redor das col6nias, indicando ruptura total da hemoglobina
do local (SANTOS et al., 2007).

Em seu trabalho, Zafalon et al. (2008), verificaram o nivel de resisténcia de uma cepa
de Staphylococcus aureus isolada de vacas leiteiras. Entre os antibioticos testados, de diferentes
classes, o maior nivel de resisténcia observado foi contra penicilina e oxacilina (tipo de
penicilina sintética).

Existe uma diferenca clara entre -lactamases e penicilinases. A primeira trata de uma
classe de enzimas que atua hidrolisando o anel B-lactdmico dos antibidticos que o possuem,
como cefalosporinas, carbapenemas e penicilinas. Penicilinases pertencem a esse grupo
enzimatico, porém atuam apenas em penicilinas, por tanto, antibiéticos derivados da penicilina
como oxacilina e meticilina ndo podem ser inativados por essas enzimas (WHO, 2009).

Penicilinas em geral atuam ligando-se as proteinas de ligacéo de penicilina (PBP), essas

proteinas sdo, na verdade, enzimas que estabelecem ligagcOes peptidicas para formacdo do
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peptidoglicano, fundamental para estrutura da parede celular bacteriana. Ligada em seu sitio-
alvo a penicilina inibe a formacéo dessa parede (CALIXTO; CAVALHEIRO, 2012). Em 1942,
ocorreu o0 primeiro relato de uma cepa resistente a penicilina. Através de um gene plasmidial
adquirido, S. aureus produziu penicilinases que degradam o anel B-lactamico da penicilina,
incapacitando assim, a ligacdo do antibiotico com as PBP entdo, foram criadas as penicilinas
sintéticas resistentes a penicilinases como oxacilina e meticilina (OLIVEIRA et al., 2015;
SILVA et al., 2014).

Poucos anos depois, surgiram as primeiras cepas de Staphylococcus aureus resistentes
a oxacilina (ORSA) que rapidamente se espalharam pelo mundo. A oxacilina é representante
de um grupo de antibi6ticos chamados de PPR (penicilina-penicilinase resistente), essa escolha
deve-se a estabilidade e dificil degradacdo da oxacilina. Fazem parte do PPR antibi6ticos como:
meticilina, oxacilina, nafcilina, cloxacilina e dicloxacilina. Se uma cepa bacteriana for
resistente a oxacilina nenhum outro derivado de penicilina tera eficacia (LIMA et al., 2015).

A resisténcia adquirida a meticilina, penicilina sintética, deve-se a aquisicdo do gene
mecA, Este gene faz com que o Staphylococcus aureus resistente a meticilina (MRSA) produza
uma proteina diferente chamada de PBP2a enfraquecendo a afinidade dos B-lactamicos pela
parede celular (STEFANE et al., 2012). Um estudo avaliou a diferenca de mortalidade entre
uma cepa de MRSA e outra cepa sensivel a esse farmaco, em alguns casos a mortalidade
aumentava em mais de 40% quando a infeccio era ocasionada pela cepa resistente (KOCK et
al., 2010).

Para o tratamento de infec¢BGes causadas por MRSA sdo utilizados antibioticos com
clindamicina e vancomicina. A primeira op¢ao sofre de uma resisténcia cruzada pela utilizacao
da eritromicina. Esse macrolideo atua no ribossomo 50s, uma vez ligado a ele, impede a ligacao
da clindamicina. Esse mecanismo de resisténcia € denominado MLSB (de Macrolideo,
Lincosamida e Estreptogramina B) (DE MORAES; VILLARROEL; PEREIRA, 2018).

Mesmo com o aparecimento de Staphylococcus aureus Resistente a Vancomicina
(VRSA), a vancomicina continua sendo a melhor opcao de tratamento para MRSA. O nimero
de estirpes com resisténcia intermediaria a vancomicina (VISA) cresce rapidamente
acompanhada da resisténcia total a esse farmaco (BHATTACHARYA; BIR; MAJUMDAR,
2015).

2.2 Echerichia coli

Em 1885, Theodor Escheric isolou uma bactéria em fezes de individuos saudaveis, , que

devido a alta prevaléncia, foi denominada de Bacterium coli communi. Como coloniza
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naturalmente o intestino grosso de seres humanos e camundongos. ste patégeno foi considerado
como comensal. Porém essa bactéria possui a capacidade de se infiltrar nas defesas do corpo e
colonizar éreas estéreis do ser humano como sangue e bexiga, assim, pode-se classificar como
patdgeno oportunista (WANDERLEY, 2015).

Escherichia coli € uma bactéria Gram-negativa, anaerébia facultativa, pertencente a
familia Enterobacteriaceae. No Iumen intestinal, E. coli atua na sintese de vitamina K que
auxilia, na formacédo de plaquetas sanguineas. Tratando-se do intestino humano, a disputa de
nutrientes e substancias produzidas por essa bactéria dificultam a instalacdo de outros
microrganismos (KORB et al., 2013; LIEVIN et al., 2000).

Existem vérios tipos diferentes de Escherichia coli que causam manifestacdes clinicas
nos portadores, sdo eles: E. coli enteropatogénica (EPEC), E. coli enterohemorréagica (EHEC),
E. coli enterotoxigénica (ETEC), E. coli enteroagregativa (EAEC), E. coli enteroinvasiva
(EIEC), e, E. coli difusdo aderente (DAEC). Existem fatores de viruléncia especificos que
permitem a classificacdo desses patotipos (SILVEIRA; MARQUES; MACHADO, 2013).

Considerada como um patdgeno agregador, EPEC tem facilidade em se aderir nas
mucosas intestinais e causar danos nesse 6rgdo. Essa facilidade se da pelo fato desse patotipo
de E. coli possuir um o gene eae que codifica uma proteina facilitadora da adesdo entre a
bactéria e os enterdcitos (MANTHEY et al., 2014; NAKHJAVANI et al., 2013).

Assim como EPEC, a cepa de ETEC ocasiona quadros diarreicos, porém por
mecanismos distintos. Por meio de toxinas termo labeis e adesinas, ETEC estimula um aumento
da producdo de adenosina e guanosina monofosfato ciclico, respectivamente cCAMP e cGMP,
que aceleram a motilidade intestinal levando a diarreia (REN et al., 2014).

Devido a sua semelhanga com a toxina produzida pela Shigella sp., a verotoxina
produzida pela bactéria EHEC foi posteriormente denominada SLT (Shiga-like toxin). Através
de um gene plasmidial, a cepa sintetiza a toxina SLT capaz de destruir células intestinais,
causando diarreia que variam de leves a quadros de disenteria. Devido a essa toxina, estéo
associados esse sorotipo crises de insuficiéncia renal por meio da destruicdo de células
glomerulares (MURRAY et al., 2014).

Embora sejam menos citados, os outros patotipos de E. coli causam infeccOes
frequentes. O EAEC ¢é um patotipo que causa infe¢cdes muitas vezes subestimadas, porém, esse
patotipo vem adquirindo cada vez mais genes de resisténcia e evoluindo, onde até sua cepa
selvagem porta varios desses mecanismos, inclusive ja existem relatos que esse patotipo causa
uma sindrome hemolitica-urémica (LARA et al., 2017). O patotipo EIEC é capaz de causar
uma quadro de disenteria, caracteristico pela constatagdo de leucdcitos e sangue em exames,

essa variagdo de E. coli penetra nas células intestinais, la se multiplica e dissemina atingindo
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outras células e causando uma destruicdo da mucosa intestinal (PASQUA et al., 2017). Umas
das principais causas de mortalidade infantil continua sendo quadros de diarreia, alguns estudos
apontam o patotipo DAEC como o mais frequente a acometer criangas, levando a estados de
desnutricdo e desidratacdo pela eliminacdo de fezes aquosas e por vezes sanguinolentas
(ABBASI et al., 2016; SPANO et al., 2017).

No intestino, Escherichia coli é patdgeno comensal, mas no sistema urinario
costumeiramente causa infecgdes. Por caracteristicas anatdmicas, a proximidade da uretra e
anus, e caracteristicas fisioldgicas, falta de um mecanismo antimicrobiano como o liquido
prostatico no homem, as mulheres sdo mais afetadas. E. coli é agente causador de mais de 80%
dos casos de infeccBes urinarias e isto se deve além dos fatores anteriormente citados, aos
fatores de viruléncia de cada cepa, antigenos que facilitam a disseminagdo e permanéncia da
cepa no epitélio infectado (LOPES et al., 2015).

O estudo de Suarez et al. (2014), avaliou o perfil de resisténcia de cepas de E. coli.
Tratando-se das cepas hospitalares, os niveis de resisténcia para antibidticos de parede celular,
como ampicilina e amoxicilina com acido clavulanico foi superior a 80%, enquanto para as
cepas adquiridas na comunidade esse nivel era de 60% para 0s mesmos antibidticos.

Com intuito de ordenar os tipos de resisténcia a antibacterianos que atuam na parede
celular, criou-se a classificagio AMBLER que divide as beta-lactamases em quatro grupos
conforme sua semelhanga estrutural. Os grupos foram divididos em letras de A a D, dentro do
grupo A estdo as enzimas classicas e B-lactamases de espectro estendido (Extended Spectrum
Beta Lactamase - ESBL), estas cepas sao resistentes a quase todos os tipos de antibioticos que
tem na sua formulagdo um anel B-lactdmico com excecdo das cefamicinas e carbapenens
(AMBLER et al., 1991; PEREZ et al., 2007).

Um outro mecanismo de resisténcia, muito frequentemente transmitido por meio de
plasmideo, pode ser encontrado em bactérias Gram-negativas. Fisiologicamente as bombas de
efluxo atuam removendo compostos que podem ser tdxicos ao seu metabolismo, substancias
como solventes, metais toxicos e antibidticos (RAMOS et al., 2002; TINTINO, 2018). Para que
a bactéria consiga expelir para meio externo o antibiético ou qualquer outra substancia toxica,
€ necessario que se gaste energia para a movimentacéo de protons e ativacao da bomba, dessa
forma a droga ndo atingira uma concentracao efetiva dentro da bactéria (SANTOS; RIBEIRO,
2016).

2.3 Pseudomonas aeruginosa

A primeira descri¢éo da espécie foi realizada por Gessard 1882, que obteve o isolamento

de uma cepa bacteriana produtora de um pigmento esverdeado chamado de piocianina. Devido
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a esse fato, foi denominada de Bacilos pyocyaneus (SILVA ., 2016). A origem do nome
Pseudomonas vem do grego ¢ significa “falsa unidade simples” ¢ o nome aeruginosa se refere
a cor que as coldnias crescem em meio de cultura. Existem diferentes tipos de pigmentos
produzido por cepas de Pseudomonas sp. com; pioverdina (amarelo-esverdeado), piocianina
(azul), piorrubina (roxo), piomelanina (marron) (AUSINA RUIZ et al., 2006).

Cepas bacterianas dessa espécie comumente portam um mecanismo de resisténcia para
fluoroquinolonas, que, envolve mudanca nos cromossomos que codificam enzimas como
topoisomerase IV e girase, e producdo de proteinas que diminuem a afinidade desses farmacos
ao seu sitio alvo (MELO, 2014).

Pseudomonas aeruginosa frequentemente ocasiona infecgdes em pacientes
imunocomprometidos e pacientes internados em unidades de terapia intensiva. Esse bacilo
Gram-negativo tem a capacidade de infectar e colonizar diferentes tecidos humanos e até
superficies de objetos inanimados, como proteses dentérias e cardiacas (POTRON; POIREL;
NORDMANN, 2015). Essa bactéria é o principal agente causador de infec¢fes respiratorias em
pacientes entubados. Esse fato se deve a capacidade de formacao de biofilme sobre a superficies
dos tubos utilizados na ventilacdo mecanica (GIL-PEROTIN et al., 2012).

O biofilme é uma estrutura organizada, funcional, e benéfica para os microrganismos
que a compdem, porém, essa formacdo dificulta a entrada de farmacos e a identificacdo de todos
o0s agentes infecciosos, levando a um progndéstico mais dificil e demorado, contribuindo para o
aumento dos niveis de morbidade e mortalidade (GIL-PEROTIN et al., 2012). A formacao de
biofilme é frequentemente praticada por cepas de P. aeruginosa como evidenciado no trabalho
de Lima et al. (2017) onde, 75% das cepas testadas formaram algum grau de biofilme, e desse
percentual, 10% foram consideradas fortemente aderidas ao biofilme.

Como principal espécie do género, P. aeruginosa, ocasiona frequentemente infecdes
urinarias, sepse, pneumonia e infec¢bes em tecidos moles ou feridas cirurgicas. Ocasionalmente
pode levar a surtos hospitalares em pacientes imunodeprimidos, e estd muito associado a fibrose
cistica (MORADALI; GHODS; REHM, 2017).

Pacientes com fibrose cistica geralmente adquirem infeccGes cronicas por Pseudomonas
sp., podendo chegar a 20 anos portando essa bactéria. Para que isso aconteca esse patdgeno se
torna menos virulento e citotoxico, perde a capacidade de se mover e liberar toxinas, causa uma
mutacdo nas células mucoides desenvolvendo uma barreira fisica entre suas col6nias e o sistema
imune do paciente, construindo assim uma espécie de biofilme (GELLATLY; HANCOCK,
2013).

P. aeruginosa possui resisténcia intrinseca ha muitos antibioticos de classes distintas

como clorofenicol, tetraciclina, cefoxitina e acido nalidixico. A membrana dessa bactéria tem
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um numero reduzido de porinas, o que dificulta a entrada desses farmacos, porta proteinas de
bomba de efluxo que confere resisténcia principalmente as quinolonas e expressa uma grande
quantidade de beta-lactamases que hidrolisam o anel B-lactdmico dos antibioticos dessa classe
(LISTER.; WOLTER; HANSON, 2009; OPLUSTIL et al., 2010).

O mecanismo de ESBL, tipo de B-lactamase, foi originado por meio de uma mutacao
nas duas familias de B-lactamases TEM e SHV, essa mutagdo originou ESBL’s classicas. Como
resposta a0 mecanismo de espectro estendido, intensificou-se a utilizacdo de carbapenemos,
isso levou a criacdo de carbapenemases que conferem resisténcia tambem as cefalosporinas de
terceira geracdo. Essas enzimas foram observadas em cepas de Klebsiella pneumoniae (K.
pneumoniae), por isso, esse mecanismo foi denominado de KPC que significa Klebisella
pneumoniae Carbapenemase. Outras bactérias como P. aeruginosa adquiriram esse mecanismo

por meio de transferéncia de plasmideo (MONIZ et al., 2015).

2.4 Biodiversidade

O Brasil é um dos paises com o0 maior niUmero de espécies vivas. Essa variabilidade, ou
seja, essa diversidade de espécies é chamada de biodiversidade. Estima-se que o Brasil tenha
19% de toda a biodiversidade do mundo. A mata atlantica é o bioma que se estende por toda a
faixa litoranea brasileira, percorrendo grande parte do territorio nacional, nesse bioma esta
contida a maior pluralidade de espécies presentes no pais (GIULIETTI et al., 2005). Mesmo
contendo toda essa biodiversidade, a mata atlantica brasileira € considerada uma regido
protegida e ameacada ao mesmo tempo, boa parte da sua vegetacdo original e espécies que ali
viviam foram extintas, contudo, ainda abriga mais de oito mil espécies vegetais endémicas e
animais (TABARELLI et al., 2005).

O termo bioprospeccao, definido em 1993, refere-se a capacidade de utilizar recursos
naturais para fins econémicos ou para o desenvolvimento de produtos que derivam da
exploracdo da biodiversidade e com isso, ter um fim lucrativo. Essa atividade tem bases
bioquimicas e moleculares, descoberta e estudo de novas espécies com potencial farmacoldgico
e estudos biotecnoldgicos a fim de revelar as bioatividades dos espécimes. Do ponto de vista
académico, a prospecgdo, ato de descobrir ou investigar algo, da biodiversidade, ou
bioprospeccdo comercializa as informacgbes por meio de artigos publicados e veiculos de
informacdo fazendo com que os resultados obtidos por meio de pesquisas cientificas atinjam os
mais diversos publicos (LAIRD et al., 2002).

Alguns autores pensam que, como se trata de biodiversidade o conceito de

bioprospeccéo € limitado e deveria incluir informacgdes como a interagdo dos seres vivos com
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0 ambiente que eles vivem, e ndo s6 os metabolitos bioquimicos produzidos por eles, pois o
meio se modifica e modifica aquele que o abita. Os ancestrais da raga humana aprenderam a
conviver e utilizar da biodiversidade para sua sobrevivéncia, desde os homens da caverna que
utilizavam do couro animal para se aquecer, até os indios que usam plantas medicinais para
tratar suas enfermidades (BERLINCK, 2012).

No Brasil, a prospec¢do de produtos naturais comegou com o0s indios e aumentou
demasiadamente com a chegada dos colonizadores que derrubavam o Pau-Brasil para extrair
seu pigmento vermelho que possuia uma O6tima capacidade de tingimento, sendo

comercializado em toda a Europa (DEAN, 2010).

2.5 Oleos essenciais

Plantas medicinais sdo muito utilizadas por pessoas que ndo tem acesso a outras formas
de tratamento de salde. Esse uso desencadeou pesquisas que as avaliam em isolado e em
conjunto a procura de um efeito modulatério (RIBEIRO et al., 2012; SILVA et al., 2012).
Gibbons (2004) aponta que as plantas medicinais vém sendo utilizadas para dar suporte e ajudar
no combate as bactérias, associadas com antibioticos elas vem desempenhando sinergismo e
espera-se que isso dificulte o0 mecanismo de resisténcia das bactérias.

Como parte do seu ciclo, algumas plantas produzem metabolitos secundarios, que tem
como funcdo protegé-la de ameacas, variacdes climaticas e fatores fundamentais para
crescimento e maturacao celular da planta. Esses metabdlitos ddo origem aos 6leos essenciais
(OE). Quando submetidas a altas temperaturas podem ser extraidos 6leos essenciais de varias
partes da planta como raizes, folhas, flores, caule entre outros. (SANTOS et al., 2011).

A composicdo quimica desses Oleos geralmente é de moléculas de hidrogénio e
principalmente de carbono. A quantidade de carbono existente em cada metabdlito vai
classifica-lo como um terpeno, quanto menos carbonos mais aromatico e volatil serd o
composto, a medida que quantidade de carbono aumenta, essa molécula se torna mais densa e
viscosa. Alguns desses compostos tem acdo antibacteriana e atuam em diversos alvos
bacterianos até mesmo auxiliando a acdo de antibioticos ja comercializados (BARBOSA et al.,
2015).

Os oleos essenciais sdo uma mistura de varios compostos, e nesse contexto, uma mesma
espécie de planta pode apresentar diferentes composicOes para cada época do ano, dependendo
da estacdo, clima, niveis de precipitacdo, horario de coleta do material. O estudo de Silva M.
(2016) avaliou a mudanga da composi¢do quimica em diferentes horarios do mesmo dia e

observou uma inversdo no componente que apresentava 0 maior percentual dentre os outros.
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Como exemplo, cita-se, o timol que pela manha foi identificado como composto majoritario
com 34%, ao meio-dia o carvacrol obteve 29%, e ao final do dia o timol voltou a ser a substancia

encontrada em maior quantidade no 6leo essencial.

2.6 O Género Croton

Considerada como uma familia generalista pela quantidade de géneros e variedade de
especies, a familia Euphorbiaceae € de grande importancia econdmica e social para as regides
de clima tropical e temperado. Apesar de estar representada nesses climas, essa familia é a
segunda maior presente na Caatinga e em quase todo o territério nacional. Com mais de
duzentos géneros e seis mil espécies essa grande familia tem muitos individuos com vérias
atividades de uso empirico e outros de atividade comprovada cientificamente (LOPES et al.,
2018). O género Croton € um exemplo dessa familia.

Considerado um dos maiores géneros da Euphorbiaceae por possuir mais de 1300
espécies distribuidas ao redor do mundo. Em territdrio brasileiro existem aproximadamente 250
espécies endémicas e no total 350 espécies ja registradas no pais (BRITO et al., 2018). Esse
género tem grande relevancia econémica devido a exploracdo das atividades dos metabolitos
secundarios, que tem propriedades medicinais, produzidos por Croton sp. Alguns exemplos sdo
flavonoides, alcaloides e terpenos (PAYO et al., 2001).

Vérias espécies de Croton tem importancia econémica. A madeira € utilizada para
producdo de moveis, construgdes, inseticida, e Croton ceanothifolius e outras espécies desse
género sdo utilizadas em fazendas de apicultura para producdo de mel (CRUZ, 2016). Plantas
do género Croton sdo frequentemente utilizadas do ponde de vista etnobioldgico, esse uso
popular impulsiona a producdo de novos estudos cientificos para caracterizar as bioatividades
dos varios compostos metabolizados por tantas espécies distintas. Com as folhas de Croton sp.
sdo realizadas preparacgdes, para diferentes tipos de aplicagdes, que segundo a medicina popular
tem potencial curativo para infecdes intestinais, efeito antisséptico, anti-inflamatéria e para
tratamento de cancer (TAMARIZ et al., 2003).

Para algumas espécies do género existem trabalhos que comprovam sua atividade
modificadora da acdo de antibioticos, como pode ser observado no trabalho de Vidal et al.
(2016) que verificou esse efeito frente a Escherichia coli modificando a agéo de gentamicina e
oxacilina. Costa et al. (2008) mostrou o tanto o efeito modificador da acdo dos antibioticos,
guanto a atividade antibacteriana isolada do 6leo essencial das folhas de Croton zehntneri frente

a bactérias Gram-negativas.
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Considerada uma espécie nativa e endémica do Brasil, Croton ceanothifolius Baill (C.
ceanothifolius) tem forma de vida de arbusto e cresce no Cerrado. A espécie ¢é
macroscopicamente muito semelhante a Croton pallidulus Baill. at¢ mesmo no formato das
folhas, diferenciando-se apenas pela analise de elementos presentes nas folhas destas espécies.
Ha relatos que o local em que essas plantas sdo encontradas diverge, pois, C. ceanothifolius era
presente apenas no estado de Minas Gerais, porém, devido principalmente a agdo
antropogeénica, essa espécie foi levada ao sul, onde era encontrada apenas Croton pallidulus
(LIMA; PIRANI, 2008).

Figura 2: Ramos terminais e flores de Croton ceanothifolius Baill.

Fonte: W. do Amaral (2019)

2.7 O Género Mikania

A familia Asteraceae possui inUmeras espécies, cuja variedade a tornam a mais
prevalente em todo mundo com mais de 30.000 espécies ja catalogadas. Geralmente séo
encontradas em lugares abertos e de vegetacdo de porte pequeno como campos. Representa no
Brasil, uma das maiores familias em quantidade de espécies, onde dentre esta, uma grande parte
é considerada endémica do pais (BFG, 2018; CARDOSO, 2017).

Devido ao volumoso numero de espécies, esta familia foi dividida em 13 subfamilias e
44 tribos (FUNK et al., 2009). Dentre essas tribos existe a Eupatorieae Cass, a tribo com o maior
numero de espécies e uma ampla distribuicdo no hemisfério sul do planeta, principalmente no
continente sul-americano. Pertencem a essa tribo 16 géneros, o maior deles € Mikania Willd com

aproximadamente 15 espécies e subespécies. Os géneros Mikania e Baccharis sdo os maiores da
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familia Asteraceae contendo mais que um quarto do volume total de espécies dessa familia
(LOPES, 2018).

Vérias espécies de Mikania sdo conhecidas popularmente como “Guaco”. Mikania
glomerata é a espécie do género que apresenta 0 maior nimero de estudos nas mais diversas
areas. Um levantamento etnofarmacoldgico apontou a utilizagdo dessa espécie como um
expectorante natural, com acdo comprovada pela farmacopeia brasileira (SASSAKI et al.,
2016). O guaco é utilizado empiricamente para tratar infeccfes, tem efeito anti-inflamatorio,
broncodilatadora, controla espasmos musculares e Glceras gastrointestinais. Mikania cordifolia,
considerada como uma erva daninha, tem a capacidade de produzir mel, caracteristica pouco
frequente em plantas desse género (GASPARETTO et al., 2010).

Os 6leos essenciais de duas espécies desse género, Mikania glomerata e Mikania
laevigata, foram testados frente a diferentes cepas de E. coli e cepas de S. aureus e P.
aeruginosa, houve inibi¢do do crescimento dessas bactérias nas concentracdes mais baixas e
todas as concentragOes inibiram a cepa de Pseudomonas aeruginosa (DUARTE et al. 2007;
UENO, 2018).

De origem nativa, porém ndo endémica do Brasil, Mikania cordifolia Willd é
amplamente distribuida em territorio nacional, excluindo-se apenas dois estados, Acre e
Roraima, que, até 0 momento, ndo catalogaram nenhum exemplar desta espécie. Considerada
como uma erva daninha, e comportamento de planta trepadeira (figura 1), tem a capacidade de
produzir mel, caracteristica pouco frequente em plantas desse género. (FLORA DO BRASIL
2020; RITTER, MIOTTO, 2005; STEINER et al., 2010)

Figura 1: Folhas de Mikania cordifolia (L.F.) Willd se enroscando em tronco de &rvore.

Fonte: Ritter, M. R. (2020)
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3 PROCEDIMENTO E RESULTADOS

Capitulo I: GC-MS-FID characterization and antibacterial activity of the Mikania

cordifolia essential oil and limonene against MDR strains
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ABSTRACT

The present study evaluated the effect of the essential oil of Mikania cordifolia (EOMc) and its
major constituent limonene alone or associated with antibacterial drugs against Multidrug
Resistant Bacteria (MDR). To evaluate the antibacterial activity, the minimum inhibitory
concentrations (MIC) of the oil and limonene against Pseudomonas aeruginosa, Escherichia
coli and Staphylococcus aureus were determined. The antibiotic-modulating activity was
assessed using subinhibitory concentrations (MIC /8) of these substances in combination with
conventional antibacterial drugs. Although no relevant antibacterial activity of the natural
products was detected, both substances modulated the action of antibiotics against resistant
bacteria. The EOMc demonstrated the best modulating effect against P. aeruginosa, presenting
synergistic effects when associated with gentamicin and norfloxacin. In addition, the oil
reduced the MIC of norfloxacin against E. coli as well as reduced the MIC of gentamicin against
S. aureus. On the other hand, the best effect of limonene was obtained against S. aureus. Thus,
it is concluded that the essential oil Mikania cordifolia and the isolated compound limonene do
not have clinically significant antibacterial effect, but modulate the action of antibiotics against
MDR bacteria.

Keywords: Mikania cordifolia. Limonene. Bacterial resistance. Antibiotics. Modulation.

1. Introduction
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The products of the secondary metabolism products of plants act as part of their defense
system and, as such, have antimicrobial properties that can be harnessed for the development
of novel drugs (Gurib-Fakim et al., 2006). Essential oils, including monoterpenes,
sesquiterpenes and phenylpropanoids are among the main bioactive secondary metabolites of
plants. They are naturally found in plants with strong odor as complex mixtures of volatile
compounds. (Franz, 2011). Regarding the biological activities of these substances, earlier
studies have shown that they have antimicrobial properties against bacteria, fungi, protozoa and
viruses (Ahmad et al., 2011; Perez et al., 2012; Sadekuzzaman et al., 2015).

The genus Mikania (L. f.) Willd (Asteraceae) is composed of more than 400 species,
171 of which occur in Brazil (Dalla et al., 2010). Mikania cordifolia, popularly known as
"guaco”, is used in folk medicine as anti-inflammatory, antiasthmatic, antiparasitic and
analgesic (Agostini-Costa et al., 2016). These ethnopharmacological data are corroborated by
experimental studies proving that this species has anti-inflammatory (Peluso et al., 1995),
antiprotozoal (Laurella et al., 2012) and insecticide (Arais et al., 1995) activities. Even with all
these activities, studies with Mikania glomerata using liver of hypertensive and normotensive
rats prove its low toxicity (Sguarezi et al., 2017).

Bacterial infections are among the major problems in public health today. In this
context, Staphylococcus aureus, coagulase-negative staphylococci, Klebsiella spp, Escherichia
coli and Enterobacter spp are considered the main causative agents of hospital infections (Lima
et al., 2015). Historically, bacterial infections represent some of the leading causes of diseases
in mankind. However, the development of antibiotics caused a real revolution in this scenario,
since non-treatable bacterial infections were practically eradicated (Silva, Hertel, 2014).

As a result, the indiscriminate use of antibiotics over the years has created a selective
pressure environment that has stimulated the emergence of resistant microorganisms, such as
Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa (De Brito, Cordeiro,

2012).
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Bacterial resistance is considered as a major public health problem because several
bacterial strains have become unsusceptible to the currently available antibiotics (Da Costa,
Junior, 2017). The main mechanisms involved in this phenomenon include: enzymatic
modification of the antibiotic; reduction of cellular permeability or presence of antibiotic efflux
pumps (avoiding the intracellular accumulation of the antibiotic); structural modification of
target molecules making antibiotic binding impossible (Medina, Machado, Machado, 2015).

Pseudomonas aeruginosa is a Gram-negative bacillus that causes opportunistic
infections, mainly in immunodeficient patients (Lee, Zhang, 2015). It has a wide range of
virulence and cell signaling mechanisms that favor its escape from the immune system of the
host (Balasubramanian et al., 2013; Reinhart, Sherrouse, 2016), in addition to antibacterial
resistance mechanims (e.g. enzymes and efflux systems) against the main classes of antibiotics
(Rincdn et al., 2014).

Despite the importance of Mikania cordifolia in the context of folk medicine, the
antibacterial effects of the essential oil of this species remain to be investigated. Therefore, the
objective of the present study is to evaluate the antibacterial activity and the antibiotic-

modulating effect of the Mikania cordifolia essential oil.

2. Methodology

2.1. Plant Material

The essential oil was extracted from terminal branches and / or inflorescences collected
in the Private Reserve of Natural Patrimony (RPPN), a segment of the Atlantic Forest in the
State of Parana, Southern Brazil, It is located at 25°20.884'S and 049° 47.258" W with altitudes
ranging from 985 to 1.145 m. with annual average temperatures around 17 °C, frequent frosts,

and an average annual rainfall of 1,200 mm/y. The collection was performed in 28/02/16, dried
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specimens were herborized and deposited in the Herbarium of Faculdades Integradas Espirita

(HFIE) under the number HFIE 8.325.

2.2. Essential oil extraction and analysis

The essential was extracted by hydrodistillation in Clevenger type apparatus, using 50
g of dry material in 1 L of distilled water. The chemical constituents of the essential oil were
identified by gas chromatography coupled to mass spectrometry (GC / MS). The mass spectra
were compared to those of the library (Linstron, Mallard, 2013) and the linear retention indices
were calculated from the injection of a homologous series of hydrocarbons (C7 - C26) and
compared with data in the literature (Adams, 2007). Only peaks with relative area greater than
1% in CG/MS were considered for quantification and identification. The mass detector was
operated in electron ionization mode (70 eV) at a rate of 3.15 min* scan and mass range of 40
to 450 u. The transfer line was maintained at 260 °C, the ion source at 230° C and the
quadrupole analyzer at 150 °C. Diluted samples were injected into an Agilent 7890A
chromatograph equipped with a flame ionization detector (FID), operated at 280 °C for
quantification. The same column and analytical conditions described above were employed,
except for the carrier gas, which was hydrogen used at a flow rate of 1.5 mL min 1. The
percentage composition was obtained by electronic integration of the FID signal by dividing
the area of each component by the total area (area %). The constituents were identified by
comparing their mass spectra with those of the Wiley library and NIST and also with their linear
retention indices which were calculated from injection of a homologous series of hydrocarbons

(C7 - C26) and compared with literature data. Limonene was purchased from Sigma Aldrich.

2.3. Bacterial strains
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The resistance profile of Staphylococcus aureus 10, Pseudomonas aeruginosa 24 e

Escherichia coli 06 is described in the work of Bezerra et al., (2017) that used the same strains.

2.4. Preparation of the essential oil and Limonene

Prior to the experiments, 10 mg of each substance were weighed and placed in
individualized tubes and diluted in 0.5 ml of DMSO. This solution was transferred to a larger
tube and added with 9.265 mL of sterile distilled water resulting in a 1024 pg / mL solutions of

the oil or limonene, which were used in the tests.

Preparation of inocula and antibiotics

Bacterial cultures were seeded in Petri dishes containing Heart Agar Infusion (HIA) and
maintained for growth in the oven at 37 ° C for 24 h. After this period, a trawl of each microbial
culture was diluted in test tubes containing sterile saline solution in triplicate. After this
procedure, the turbidity of the solution was compared to the control of 0.5 of the McFarland
scale. The antibiotics used in the tests were norfloxacin, penicillin and gentamicin at an initial

concentration of 1024 pg / mL.

Determination of the Minimum Inhibitory Concentration (MIC)

In the MIC determination assay, 900uL of 10% liquid BHI medium and 100uL of the
inoculum (corresponding to 10% of the total solution) were added to a tube (NCCLS, 2003). A
100uL aliquot of this solution was transferred to each well of a 96-well plate and then serial
dilution was performed by adding 100uL of the essential oil or limonene in concentrations

ranging from 512 to 8ug / mL. The plates were incubated at 35 + 2 ° C for 24 h and after that
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period the MIC of the substances was determined. To this end, resazurin sodium (20 ug) was
added in each well. Interpretation of the results was made by ocular analysis of the color change
of resazurin after 1 h of reaction (Coutinho et al., 2008; Javadpour et al., 1996). In the positive
controls, no treatments were added and in the negative controls bacterial inocula were not used.

The tests were performed in triplicate

Evaluation of the antibiotic-modulating activity

The antibiotic-modulating activity of the oil and its manjor constituent limonene was
analyzed by the method proposed by Coutinho et al. (2008). In Eppendorf tubes, 1,350 pL of a
solution containing the treatments at a subinhibitory concentration (MIC / 8) and 10% BHI was
prepared. To this solution, 150 pL of the bacterial suspension was added, resulting in a final
volume of 1.5mL. As a control, eppendorf tubes were prepared with 1.5mL of a solution
containing 1,350uL of BHI (10%) and 150uL of bacterial suspension. The plate was filled
numerically by adding 100uL of the final solution into each well. Subsequently, serial
microdilutions were performed by using 100uL of each antibiotic at concentrations ranging
from 512 — 0,5pg /uL. The plates were incubated at 37 © C for 24 h and the readings were

performed as described above.

2.5. Statistical Analysis

The results were expressed as mean + standard deviation and differences were evaluated

through analysis of variance (ANOVA) followed by Bonferroni’s post-test using the GraphPad

Prism software. The differences with a p <0.05 were considered as significant.

3. Results and discussion
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3.1. Chemical profile of the Mikania cordifolia essential oil

The essential oil of Mikania cordifolia showed a yield of 0.26%, which is expected for
species of the genus, such as Mikania glomerata, whose essential oil presented yields of 0.12%
to 0.76% according to chemotype (Bolina et al., 2009). The present study is a pioneer in the
study of the essential oil of the species Mikania cordifolia (L.f.) Willd. In this context, a
phytochemical analysis revealed the presence of 13 compounds (Table 1), including Limonene
(19.2%) B-pinene (17.8%) and a-pinene (16%) as major compounds (Fig. 1 and Fig. 2).

Table 1: Chemical compounds identified in the essential oil of Mikania cordifolia by GC-MS-FID

RI calculadted Composition %
937 a-pinene 16,0
976 Sabinene 2,5
979 B-pinene 17,8
991 Myrcene 13,3
1031 Limonene 19,2
1050 (E)-p-ocimene 3,0
1390 B-elemene 3,2
1451 a-humulene 2,8
1478 y-muurolene 3,3

1493 bicyclogermacrene 8,8
1501 germacrene A 2,6
1531 (E)-y-bisabolene 54
1575 Spathulenol 1,9

Figure 1: Chemical structure of the major compounds found in the EOMc
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Limonene B-pinene a-pinene

Figure 2: GC-MS Chromatogram of the Essential Oil of Mikania cordifolia (EOM(c)
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l:a-pinene; 2:sabinene; 3:B-pinene; 4: myrcene; 5: limonene; 6: (E)-p-ocimene; 7:p3-
elemene; 8:(E)-caryophyllene; 9: a-humulene; 10: y-muurolene; 11: ar- curcumene;
12:bicyclogermacrene; 13: germacrene A; 14: B-bisabolene; 15: (E)-y-bisabolene; 16:
elemicin; 17:spatulenol; 18: caryophyllene oxide; 19:humulene epoxide II.

The phytochemical analysis of the EOMc indicates a similarity between this oil and the
essential oil of M. glomerata, since there are five common constituents in the oils of these two
species, including D-limonene, which was found as the major compound and in similar
concentrations (19.2 and 19.5%) in both species, corroborating with the data from the current
study (Silva-Junior et al., 2015). However, Mikania glomerata oil has coumarin, a compound
derived from o-coumaric acid, which was not identified in M. cordifolia oil. This metabolite is

synthesized more frequently in end shoots and young leaves and can be induced by successive
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collections (Czelusniak et al., 2012). In addition, this compound was identified as one of the
major constituents of a Mikania species from the interior of Sdo Paulo (Taleb-Contini et al.
2006). These differences, however, may be due to factors such as: collection time, component
of the plant analyzed, light intensity and precipitation. In fact, these factors directly influence
the synthesis of secondary metabolites of any plant (Czelusniak et al., 2012).

Some species of genus Mikania were evaluated to verify their toxicological activity as
in the study by Gasparetto et al. (2010) who evaluated Mikania sp administered as syrup,
infusions and extracts in rats to evaluate their liver and spermatogenic toxicity evidencing its
low toxicity and in some cases was considered non-toxic. A study evaluated the possible
toxicity of a drug developed from six phytotherapeutic plants including Mikania glomerata.
Blood tests showed no signs of toxicity. Adverse effects were reported in both the placebo and

medication groups (Viana et al., 2018).

3.2. Antibacterial Activity of the Mikania cordifolia essential oil and Limonene

The antibacterial activity of the Mikania cordifolia essential oil was tested against three
multiresistant strains: Staphylococcus aureus 10, Pseudomonas aeruginosa 24 and Escherichia
coli 06. However, the products did not inhibit bacterial growth at any of the concentrations
tested, indicating that they do not have antibacterial activity when tested alone. These results
are important especially in the context of traditional medicine, since many species of the genus
Mikania are used empirically for the treatment of diseases of the respiratory tract. In addition,
although studies indicate that plants of this genus have antibacterial, anti-inflammatory and
antiparasitic activities (Oliveira et al., 2007; Rufatto et al., 2012), the biological effects of M.

cordifolia need to be better investigated
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3.3. Antibiotic-modulating effect of the Mikania cordifolia essential oil

As shown in Figure 2, penicillin did not inhibit bacterial growth even at the highest
concentration tested (1024ug / mL). In addition, the association with subinhibitory
concentrations of the oil did not alter the MIC of this antibiotic, indicating that the EOMc does

not modulate the activity of penicillin against resistant bacteria.

Norfloxacin
Norfloxacin + EOMc
Gentamicin
Gentamicin + EOMc
* * k% . . .
Penicillin
Penicillin + EOMc¢

MIC (mg/mL)
ANE DB H

* * k%

e

E.coli S.aureus P.aeruginosa

Figure 3: Antibiotic-modulating effect of the Mikania cordifolia essential oil (EOMc) against

multiresistant bacteria. **** statistically significant value, p<0.0001

On the other hand, the association between norfloxacin and the M. cordifolia essential
oil presented synergism against P. aeruginosa and E. coli, with consequent reduction of the
MICs of this antibiotic. This indicates that the EOMc reversed the resistance profile of the
bacterium to the drug and, therefore, acts as an antibiotic modulator. However, the oil did not
affect the action of this antibiotic on S. aureus, indicating that the modulating effect varies
depending on the bacterial strain. In addition, this effect may vary according to the plant
material used (Li et al., 2013).

The association of the oil with the aminoglycoside gentamicin significantly reduced the
MIC of the antibiotic against S. aureus and P. aeruginosa, but not against E. coli. It is worth

mentioning that the results with the Gram-positive bacteria suggest that there was a reversal of
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resistance, since the MIC of gentamicin MIC decreased from 128 to 3 ug / mL. In general, the
antibiotic-modulating effect of the Mikania cordifolia essential oil was more evident against P.
aeruginosa compared to the other strains tested. However, studies suggest that essential oils are
more effective against Gram-positive bacteria, because the lipopolysaccharides (LPS) found in
the cell membranes of Gram-negative bacteria hinder the intracellular absorption and

dissemination of oils (Barbosa et al., 2015).

3.4. Antibiotic-modulating effect of limonene

Limonene is a cyclic monoterpene found in several plant species and used mainly in the

fragrances industry (Ali et al., 2011).

1000 A TN ZIN N B Norfloxacin

7504 E=H Norfloxacin + Limonene
7 500- Ed Gentamicin
% 2504 I Gentamicin + Limonene
B c0 P72 Penicillin
§ 1004 e . Penicillin + Limonene

[ ¥
o LEEH =t
E.coli S.aureus P.aeruginosa

Figure 4: Antibiotic-modulating effect of limonene against multiresistant bacteria. **** statistically
significant value, p<0.0001

Like the EOMc, limonene was unable to modulate penicillin activity against resistant
bacterial strains. The main mechanism of resistance to Penicillin is the synthesis of f-
lactamases. These enzymes hydrolyze the B-lactam ring, which has an antibacterial effect due
to inhibition of cell wall synthesis (Zeng, Lin, 2013). Thus, even if the substances tested
increase the permeability of the antibiotic, B-lactamases destroy the drug before it can bind to
its target.
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The association of norfloxacin with limonene did not affect the MIC of the antibiotic
against E. coli, but potentiated and antagonized the effect of the antibiotic against S. aureus and
P. aeruginosa, respectively. Finally, by analyzing the association of limonene with gentamicin
against P. aeruginosa, it is possible to observe a small reduction in the MIC of the antibiotic,
but the differences were not statistically significant. The same association potentiated and
antagonized the effect of the antibiotic against S. aureus and E. coli, respectively. These data
demonstrate that the modulating effect of limonene in combination with different antibiotics is
dependent on the intrinsic resistance characteristics of each strain (Figure 3).

Essential oils containing limonene as a major component have proven antibacterial
activity against resistant strains of S. aureus and some strains of Salmonella enterica and
Listeria monocytogenes, as shown in the study by Settanni et al. (2012). In general, the cell wall
of Gram-positive bacteria is simpler than that of Gram-negative bacteria, which makes them
more susceptible to the action of essential oils. Thus, due to its lipophilic characteristics, it is
possible that limonene crosses the cell wall, altering bacterial cell membrane permeability

(Maia et al., 2014; Obidi et al., 2013).

4. Conclusion

The data of the present study indicate that the essential oil of Mikania cordifolia does
not have significant antibacterial activity, but it is able to modulate the action of antibiotics,
reversing some patterns of bacterial resistance. On the other hand, the antibiotic-modulating
action of limonene seems to be strongly influenced by the intrinsic resistance characteristics of
each strain, although promising results have been obtained against S. aureus.

These data suggest that the modulating activity of M. cordifolia is dependent on the

isolated or synergistic action of other components present in the oil. However, further studies
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are needed to characterize the antibacterial and antibiotic-modulating properties of different

constituents of the essential oil obtained from this species.
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Abstract

This study is a pioneer in reporting the antibacterial properties of the species Croton ceanothifolius Baill.
The genus Croton belongs to the family Euphorbiaceae composed of numerous species with
documented biological activities. However, the pharmacological properties of C. ceanothifolius remain
poorly understood. The leaves of this plant were submitted to hydrodistillation for essential oil
(CcEO) extraction and the phytochemical characterization of the oil was performed by GC/MS. The
minimum inhibitory concentration of the CcEO was determined for the evaluation of antibacterial
activity against multiresistant strains of Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia
coli. The antibiotic-modulating activity of the oil, in combination with antibiotics, was also evaluated.
The combination of the CcEO with penicillin, norfloxacin and gentamicin presented a synergistic
effect. This effect was more significant for the association with antibiotics of the quinolone and
aminoglycoside classes against Escherichia coli. The association of oil with gentamicin showed better
results with regard to the Gram-positive strain. The association of the oil with norfloxacin against P.
aeruginosa also showed synergism, but the association with penicillin did not change the effect of this
antibiotic. Thus, it is concluded that C. ceanothifolius essential oil selectively potentiates the action of
antibiotics against multiresistant strains.

Keywors: antibiotics; bacterial resistance; Croton ceanothifolius; essential oils
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1. Introduction

The use of plants therapeutic purposes is an ancient practice. The therapeutic properties of
medicinal plants have been attributed to the presence of secondary metabolites [1], which besides
playing critical physiological roles in these organisms, interfere with pharmacological targets in humans
and many other species. Therefore, medicinal plants are relevant sources of new molecules with
potential for use in drug development [2].

The family Euphorbiaceae consists of a great diversity of widely distributed species. There are
about 7600 species and approximately 300 genera in this family, which, due to biological diversity, has
aroused the interest of researchers worldwide [3,4]. The genus Croton stands out for presenting a large
number of species in tropical and subtropical regions [5] and for its extensive use in traditional medicine
in communities of Asia, Africa, and South America [6]. In Brazil, Croton species have been used
empirically mainly to treat inflammatory [7] and infectious [8,9] diseases.

The poular use of this genre led to the development of scientific research to validate its actions.
Some species of the genus Croton have been tested against multiresistant bacteria and both their direct
antibacterial activity of their essential oil and the modifying activity of antibiotic action have been
proven [10,21].

Staphylococcus aureus has been reported as one of the most common causative agents of
nosocomial infections. Although commonly found in the skin and nasopharynx of healthy individuals,
this microorganism can cause serious illness in immunocompromised individuals. In addition, the raise
of cases of antibiotic resistance involving S. aureus highlights its importance in the context of multidrug
resistance [10].

Resistance to antibacterial drugs has become an alarming public health problem. Recent studies
have shown a growing number of infections caused by resistant bacteria, which cause infections in
hospitals and communities [11]. A study by Da Silva et al. [12] analyzing more than 300 samples showed
that half of them contained multiresistant strains of Pseudomonas aeruginosa and Escherichia coli.

Therefore, given the importance of developing novel drugs to treat infections caused by
multiresistant bacteria and considering the therapeutic potential of the genus Croton, this study aimed
to evaluate the antibacterial and modulatory activities of Croton ceanothifolius Baill. A phytochemical
characterization was also carried out to identify the major secondary metabolites and direct future

studies with isolated constituents of this species.
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2. Results and Discussion

C. ceanothifolius essential oil yielded 0.23% of the total weight of dried leaves. After analysis by
gas chromatography coupled to mass spectrometry (GC / MS) 25 constituents were identified, including
bicyclogermacrene (26.3%), germacrene D (14.7%), and E-caryophyllene (11.7%) as major components

(Table 1).

Table 1. Chemical constituents identified in the Croton ceanothifolius essential oil.

RIa RIb Constituent %
932 937 alpha-pinene 2.8
974 979 beta-pinene 0.8
988 992 Myrcene 0.8
1030 1034 1,8-cineole 0.9
1050 1050 (E)-beta-ocimene 0.8
1095 1100 Linalool 1.7
1174 1178 terpinen-4-ol 0.9
1374 1375 alpha-copaene 1.4
1389 1390 beta-elemene 42
1417 1417 (E)- caryophyllene 11.7
1439 1432 alpha-guaiene 0.9
1452 1451 alpha-humulene 2.4
1458 1458 allo-aromadendrene 1.6
1485 1479 germacrene D 14.7
1494 1493 Bicyclogermacrene 26.3
1508 1501 germacrene A 4.7
1522 1521 delta-cadinene 1.3
1577 1574 Spatulenol 2.7
1582 1580 caryophyllene oxide 2.7
1592 1587 Viridiflorol 1.3
1600 1598 Rosifoliol 1.3
1618 1611 1,10-di-epi-cubebol 7.4
1638 1638 epi-alpha-cadinol 2.9
1652 1652 alpha-cadinol 29
1770 1761 Squamulosone 0.9
TOTAL (%) 100

Rla: Literature retention index, RIb: Calculated retention index.

Compared with literature data, these results suggest that species of the genus Croton may have
similar chemical compositions. Studies with C. pallidulus, C. isabelli, C. ericoides [13], C. argyrophylloides,
and C. sincorensis [14] showed a predominance of sesquiterpenes as found in C. ceanothifolius essential

oil. Moreover, these species presented the same major components, indicating that the relative
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composition of the constituents can also be conserved among the species of this genus. Importantly,
Souza et al. [14] proved that climate variation affects the production of secondary metabolites since the
concentration of specific metabolites varied as a function of seasonality. The genus Crofon has been
widely investigated in several areas of biology. However, the species C. ceanothifolius remains poorly
studied. Thus, this study is a pioneer in the chemical characterization and identification of the
pharmacological activity of this species.

Essential oils are volatile, aromatic, low molecular weight lipophilic substances. Studies have
shown that, at low concentrations, these substances have antibacterial activity [15,16], besides
presenting the potential to modulate antibiotic resistance. Therefore, the present study evaluated the
antibacterial and modulating potential of C. ceanothifolius essential oil. Analyzing the Minimum
Inhibitory Concentration (MIC) of CcEO against multidrug resistant bacteria, we found values greater
than 1024 pg/mL against all strains evaluated, indicating that the oil did not present clinically relevant
antibacterial activity. A similar result was obtained by Leite et al. [17], studying the antibacterial activity
of Croton limae essential oil.

Studies show that natural products without antibacterial activity can potentiate the effect of
certain antibiotics, which is known as synergism [18]. The C. ceanothifolius essential oil is characterized
by the presence of bicyclogermacrene, germacrene D and caryophyllene sesquiterpenes as major
compounds (Table 1). Earlier studies using the disk diffusion method showed that caryophyllene
inhibited the growth of S. aureus, P. aeruginosa, and E. coli [19].

Sesquiterpenes are known to have a direct action on the bacterial outer membrane, causing
direct lysis or modifying its selective permeability. Our data, however, suggest that CcEO does not act
directly, which raises the hypothesis that it may alter the membrane permeability by enhancing the
effect of antibiotics [20]. As shown in Figure 1, CcEO showed an antibiotic-modulating activity that

varied according to bacterial strain and type of drug.

1200+
8004 % % § % § B Norfloxacin
i / \ \ / \ £ Norfloxacio + CcEO
g 40 - % \ \ % \ &2 Gentamicin
?__;Z 604 = M Gentamicin + CcEO
Y i 7 Penicillin
S 38; i NN Penicillin + CcEO

10{ b I
L

2077
P
207

S.aureus P. aeruginosa
Figure 1. Antibiotic-Modulating effect of Croton ceanothifolius (CcEO) essential oil against multidrug

resistant bacteria. *** Statistical Significance p <0.0001

The association of 188uL of the essential oil with gentamicin caused a synergistic effect against

all strains tested. The MIC of this antibiotic was reduced from 128 to 50 ug/mL against S. aureus and
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from 32 to 16 ug/mL against E. coli tests. In tests with P. aeruginosa CcEO decreased gentamicin MIC
from 16 pg/mL to 12 pg/mL, but in this case, there was no statistical difference. Accordingly, Vidal et
al. [21] demonstrated that C. rhamnifolioides essential o0il reduced gentamicin MIC against multidrug-
resistant S. aureus and E. coli strains. In addition, Da costa et al. [9] found that C. rhamnifolioides essential
oil exhibits antibacterial activity against Gram-positive strains. C. zehntneri also showed modifying the
effect of antibiotic action against strains of S. aureus and E. coli [22]. These studies corroborate the data
obtained in the present research and highlight the genus Croton for its antibacterial potential.

Following the characterization of the antibiotic-modulating activity, the CcEO was tested
against two Gram-negative bacteria (E. coli and P. aeruginosa) and one Gram-positive strain (S. aureus).
Our data indicate that the oil has stronger activity against Gram-negative bacteria. Interestingly, these
strains have a natural drug resistance profile due to the lipopolysaccharide layer, which hinders the
permeability of these substances. Our tests demonstrated that the CcEO potentiated the action of
gentamicin and norfloxacin, which act within the bacterial cell, suggesting that C. ceanothifolius essential
oil facilitated the permeability of these drugs to the bacterial cytoplasm [23].

On the other hand, CcEO failed to modulate penicillin activity under all conditions tested,
suggesting an effect that is related to the mechanism of action of this antibiotic. In this case, bacterial
resistance is caused by the action of (3-lactamases, enzymes that hydrolyze the functional component of
penicillin-class drugs. Many bacteria today have acquired this resistance mechanism mainly due to the
indiscriminate use of these antibiotics [24]. Here, we suggest that while CcEO has facilitated drug entry
(due to increased permeability), penicillinases continue to degrade its 3-lactam ring, causing enzymatic

inactivation.

3. Materials and Methods

3.1. Plant Material

Leaves of Croton specimens were collected in the Butuguara Private Natural Heritage Reserve
(RPPN) in the municipality of Palmeira, PR, located at 25° 20.884 'S and 049°47.258' W. This region has
altitudes ranging from 985 to 1,145 m, with predominantly Litossol and Cambisol soils [25]. According
to the Koppen classification, the climate is Cfb type, temperate, with mild summer, annual average
temperatures of 17 °C, with severe and frequent frosts and an average rainfall of 1,200 mm per year.

The collection and transportation of the plant material were carried out under a license issued
by the Parand Environmental Institute under registration number 284/11. In the collection area, the
coordinates were recorded, and a voucher specimen prepared for botanical identification and
photographic registration. The voucher specimen was transported to the “Faculdades Integradas

Espiritas” Herbarium and registered under protocol number HFIE 8.288.
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3.2. Essential Oil Extraction and Analysis

The essential oil of the leaves was extracted by hydrodistillation in a Clevenger type apparatus.
Briefly, the dried leaves (50 g) were crushed and placed in a 5.0 L glass flask containing 1L of distilled
water, with three repetitions. This material was extracted at boiling temperature for 2.5 hours. After
extraction, the oil was collected with a precision pipette and stored under refrigeration until testing.

The chemical composition of the oil was analyzed by Gas Chromatography coupled to Mass
Spectrometry (GC/MS) in a Shimadzu apparatus. The essential oil was diluted in dichloromethane at a
rate of 1% and 1.0 pL of the solution was injected, with 1:20 flow division in an Agilent 6890 (Palo Alto,
CA) chromatograph coupled to an Agilent 5973N selective mass detector. The injector was kept at 250
° C. The separation of the constituents was obtained by HP-5MS capillary column (5% -phenyl-95% -
dimethylpolysiloxane, 30 mx 0.25 mm x 0.25 um) and using helium as carrier gas (1.0 mL min-1). The
oven temperature was set at 60 to 240 ° C at a rate of 3 ° C min-1. The mass detector was operated in
electronic ionization mode (70 eV) at a rate of 3.15 scan-1 and mass range from 40 to 450 u. The transfer
line was maintained at 260° C, the ion source at 230° C and the analyzer (quadrupole) at 150° C.

For quantification, the diluted sample was injected into an Agilent 7890A chromatograph
equipped with a flame ionization detector (DIC), operated at 280 ° C. Employed the same column and
analytical conditions described above, except for the carrier gas used, which was hydrogen, at a flow
rate of 1.5 mL min-1. The percentage composition was obtained by the electronic integration of the DIC
signal by dividing the area of each component by the total area (area%). Identification of components
was performed by comparing their mass spectra with the standards reported in the literature [26].

3.3. Bacterial Strains

Multiresistant strains of S. aureus 10, P. aeruginosa 24 e E. coli 06, were used throughout this

study (Table 2).

Table 2. Resistant profile of the Strains

Bacteria Origin Resistance Profile

Staphylococcus aureus 10 Rectal swab Amc, Amox, Amp, Asb, Azi,
Ca, Cef, Cf, Cip, Cla, Clin, Eri,
Lev, Mox, Oxa, Pen

Pseudomonas aeruginosa 24 Nasal discharge Ami, Cip, Cpm, Ctz, Imi, Lev,
Mer, Ptz
Escherichia coli 06 Urine Culture Asb, Ca, Cef, Cfo, Cmp, Cro

Subtitle: Amc- Amoxicillin + Clavulanic acid, Ami- Amikacin, Amox— Amoxicillin, Amp —Ampicillin,

Asb - Ampicillin + Sulbactam, Azi — Azithromycin, Ca - Cefadroxil; Cef — Cephalexin, Cfo- Cefoxitin,
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Cip - Ciprofloxacin, Cla — Clarithromycin, Clin — Clindamycin, Cmp- Cefepime, Cro- Ceftriaxone,
CtzCeftazidime, Eri — Erythromycin, Imi- Imipenem, Lev- Levofloxacin, Mer- Meropenem, Mox —

Moxifloxacin, Oxa — Oxacillin, Pen — Penicillin e Ptz- Piperacillin

3.4. Preparation of the Essential Oil Solution

An aliquot of 10 mg of Croton ceanothifolius essential oil was dissolved in 1 mL DMSO. Soon
after the first dilution, this solution was transferred to a falcon tube and an additional 8.765mL of sterile
distilled water added, making a total of 9.765mL of solution to a concentration of 1024 pg/mL. This
solution was used for minimum inhibitory concentration (MIC) tests and evaluation of the antibiotic-
modulating activity in association with Norfloxacin (quinolone), Penicillin (penicillin) and Gentamycin

(aminoglycoside) at an initial concentration of 1024 ug/mL.

3.5. Determination of the Minimum Inhibitory Concentration (MIC)

Bacterial strains were seeded in Petri dishes containing Heart Infusion Agar (HIA) and kept in
the oven at 37 °C for 24h for growth. After this time, an aliquot of the culture was diluted in test tubes
containing sterile saline in triplicate to obtain inocula. The turbidity of the solution was compared to a
0.5 McFarland scale control. A volume of 100 pL of each inoculum (corresponding to 10% of the total
solution) was added to a tube containing 900 pL of 10% Brain Heart Infusion (BHI) [27] and then, 100
uL of these solutions were transferred to 96-well plates. The volume of each well was supplemented
with 100 uL of the essential oil added after serial dilution at concentrations ranging from 512 pg/mL to
8 ug/mL. All treatments were performed in triplicate.

The plates were incubated at 35 + 2 °C for 24 h and bacterial growth revealed by the addition of
resazurin at 20 ug/mL for 1h at room temperature. The MIC was visually determined as the lowest

concentration capable of inhibiting microbial growth, as attested by the change in color to red [28].

3.6. Evaluation of the Antibiotic-modulating activity

Volumes of 100 ul of each antibiotic at a concentration of 1024 ug/mL were serially diluted in
wells containing 10% BHI and suspensions of the multidrug resistant inocula and essential oil at a
subinhibitory concentration (MIC / 8) [29]. Controls were prepared by using 1350 uL of 10% BHI
medium and 150 uL of the inoculum. Each well of a microdilution plate was filled with 100 uL of the
oil or control solution. Following this procedure, serial dilutions with 100 pL the antibiotics at
concentrations ranging between 512 and 0.5 pug/mL were carried out. The plates were incubated in an

oven at 35 °C for 24 h, and then, the MIC of these antibiotics in the presence of the essential oil was
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determined by the addition of resazurin and interpreted as described above.

3.7. Statistical analysis

Results were expressed as mean + standard deviation and analyzed by analysis of variance
(ANOVA) followed by Bonferroni’s post-test using GraphPad Prism software. Differences were

considered significant when p <0.05.

4. Conclusions

C. ceanothifolius essential oil does not have a clinically relevant antibacterial activity but has a
significant modifying effect on the antibacterial action of some drugs, potentiating their effects against
multiresistant bacteria. This is the first study to report the pharmacological properties of this species
and, therefore, further studies are fundamental to determine the constituents as well as the mechanisms

involved in modulating antibiotic resistance exerted by C. ceanothifolius essential oil.
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5 CONCLUSAO

Na andlise quimica das espécies estudadas foi observado uma maior prevaléncia de
terpenos, na sua maioria mono e sesquiterpenos. Como resultado da avalia¢do quimica do 6leo
essencial de Mikania cordifolia (OEMc) foram identificadas 13 substancias onde o composto
mais prevalente foi o limoneno. A avaliacdo quimica do dleo essencial de Croton ceanothifolius
(OECc), 25 componentes foram constatados, entre eles o biciclogermacreno, considerado o
composto majoritario.

Na andlise da atividade antibacteriana dos Oleos essenciais frente as bactérias
multirresistentes, tanto 0 OEMc quanto OECc ndo mostraram efeito inibitério em nenhuma das
concentragfes testadas. Este € o primeiro estudo que se propés a mostra o potencial
antibacteriano e modificadora da acdo antibidtica das duas espécies.

Nos ensaios com os antibidticos pode ser identificado um sinergismo entre norfloxacino
e 0s 6leos essenciais de ambas as plantas frente a P. aeruginosa e, frente a Staphylococcus
aureus os 6leos reduziram a CIM de gentamicina. Frente a Escherichia coli os 6leos essenciais
de M. cordifolia e C. ceanothifolius reduziram a concentracéo inibitoria minima de gentamicina
e norfloxacino. Com o Gltimo farmaco mencionado, a reducdo foi significativa ao ponto de
reverter o perfil de resisténcia desse antibi6tico diante de Escherichia coli.

Os 6leos essenciais associados a gentamicina aumentaram seu potencial de inibicdo de
crescimento bacteriano frente a de Pseudomonas aeruginosa. Também associado a
gentamicina, 0 OECc obteve efeito sinérgico reduzindo sua concentracdo inibitéria minima
quando avaliado contra Staphylococcus aureus.

O composto majoritario de M. cordifolia, limoneno, reverteu o perfil de resisténcia de
Staphylococcus aureus a gentamicina, reduziu também a CIM de norfloxacino diante dessa
bactéria. Perante as bactérias Gram-negativas houve um antagonismo, tratando-se de limoneno
e norfloxacino o efeito aconteceu contra P. aeruginosa, e com gentamicina frente a E. coli.

A maior parte dos efeitos modificadores de acdo antibidtica foi observado frente as
bactérias Gram-negativas. Esses resultados sdo importantes principalmente por que essas
bactérias tém resisténcia intrinseca a alguns farmacos devido a sua membrana extra de
lipopolissacarideos, dessa forma essas substancias podem auxiliar futuramente na terapéutica

de pacientes infectados por estas bactérias.
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